
Motivation
Global historical reanalyses are a valuable database for the weather 
reconstruction community. Using regional weather forecasting models 
and data assimilation systems, these datasets can be further refined 
to a regional-to-local scale, allowing a more detailed analysis of 
atmospheric processes and surface effects. But what if we go far back 
into the past, to the early 19th century, where only a couple of 
meteorological observations exist?

This poster presents first, explorative results and insights from an 
experiment, in which we tried to reconstruct the weather of the 
summer 1816 in Europe – a particularly interesting episode due to the 
catastrophic aftereffects of the Tambora eruption. Using the Weather 
Research and Forecast (WRF) model for downscaling with input data 
from the the newest version of the 20th century reanalysis (20CRv3), 
we reconstructed the coldest episode of this summer. Furthermore, we 
tried to refine the reconstructions by assimilating station data, that 
was digitized in the framework of recent data rescue activities, using a 
3DVAR-approach.

However, downscaling and data assimilation in the early instrumental 
period present some particular challenges, which we like to illustrate 
here.

Data & Methods
WRF version 4.1.2 Data assimilation (WRFDA)
Nesting with 3 domains 3DVAR
27 – 9 – 3 km resolution 3-hourly analysis timestep with
hourly output 3-hour window
04.06.1816 – 13.06.1816 BE covariance matrix from  
spectral nudging in D01 12/24h WRF forecasts

(optional, not with DA) Observation errors = constant

Boundary Conditions Station Data
20CRv3 17 Stations (2 for validation)
3-hourly ensemble mean partly homogenised

pressure & temperature

Challenges & Results
Land Use

Changes of land use in the last 200 years were analysed. WRF 
simulations were performed using USGS land use categories, as well as 
corresponding land use data for 1800 from the Anthromes v2 dataset.

Only minimal differences were 
found in the results, with 
exception of nighttime 
temperatures where urban areas 
expanded since 1800. These 
might however be important for 
data assimilation, as many series 
were measured in urban areas.
 

Quality of observations

Early instrumental measurements are sparse in time and space – and 
the more valuable for quantitative reconstructions of daily weather 
variability at a local scale, and for validation purposes. In fact, the 
measurements were typically taken with great care, the equipment was 
very well maintained. However, potential deficiencies remain w.r.t. 
homogeneity among the stations or observation times, among others.

Here, we assimilate temperature and pressure data only, and we allow 
rather large errors for the first experiments (3 °C, 2.5 hPa).
 

Preliminary results

Figure 4 and 5 show first results from different WRF-simulations and 
data assimilation (compared to independent station data).

Discussion & Conclusions
Although challenging, results from WRF/DA-simulations provide realistic results given the focus on the early instrumental era. First results suggest 
that:
- adapting the land use scheme to contemporary categories gives very similar results except for heavily urbanized regions
- spectral nudging in the outermost domain actually brings the simulated values of temperature and pressure closer to observed station data

Further analyses may involve
- different specifications of the data assimilation system (e.g. smaller estimated errors; coupling of spectral nudging and data assimilation).
- homogeneization of the station data, which may be difficult, but should be envisaged where possible.
- longer periods of study to enhance robustness of the findings 
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Figure 1: WRF domain setup with locations of station 
measurements (black dots).

Figure 2: distribution of observation times of station series 
(black dots), analysis timesteps (green dotted lines) and 
windows (grey lines).

Figure 3: 2m temperature from WRF output with current (grey) and 
historical (black) land use data.

Figure 4: comparison of 2m temperature and sea level pressure at Station location of Bern between outputs of WRF, WRF with data 
assimilation (WRFDA) and WRF with spectral nudging (WRF + FDDA) and station observations.

Figure 5: comparison of 2m temperature from outputs of WRF, WRF with data assimilation (WRFDA) and WRF with spectral nuding 
(WRF + FDDA) in domain 03 at 1816-06-07 at 06:00 UTC..
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